Hardwood bleached kraft pulp (HBKP) handsheets were recycled with heat treatment as a model of paper recycling. The apparent density and the tensile index decreased from 0.67 to 0.51 g/cm3 and 16.3 to 12.9 Nm/g, respectively, after they were recycled for four times. Decrease in fines content and hornification of fibers with recycling, which were related to the reduction in total bonding strength of recycled handsheets, were investigated as possibly influential factors on this behavior. A possibility of strengthening role of fines by covering fiber surfaces including filling peripheral regions of interfiber crossings was presented by confocal laser-scanning microscopy (CLSM). The CLSM micrographs of cross-sections of HBKP fibers evidently showed hornification effect on re-swelling in the wet state, which strongly affected their conformability during wet web forming, in each cycle of handsheets recycling. Recycled fibers showed inferior re-swelling capability and conformability, i.e. they could not provide sufficient interfiber contacts in recycled handsheets, as in CLSM micrographs clearly demonstrated. Because no decrease in fines content was noticeable by handsheets recycling, the increase in un areas of recycled handsheets is suggested to rely on the reduction in re-swelling capability or conformability of rewetted recycled fibers. The decrease in strength of recycled handsheets was also certainly attributed to the increase in un-bonded areas of interfiber crossings by CLSM.
Hardwood bleached kraft pulp (HBKP) handsheets were recycled with heat treatment as a model of paper recycling. The apparent density and the tensile index decreased from 0.67 to 0.51 g/cm3 and 16.3 to 12.9 Nm/g, respectively, after they were recycled for four times. Decrease in fines content and hornification of fibers with recycling, which were related to the reduction in total bonding strength of recycled handsheets, were investigated as possibly influential factors on this behavior. A possibility of strengthening role of fines by covering fiber surfaces including filling peripheral regions of interfiber crossings was presented by confocal laser-scanning microscopy (CLSM). The CLSM micrographs of cross-sections of HBKP fibers evidently showed hornification effect on re-swelling in the wet state, which strongly affected their conformability during wet web forming, in each cycle of handsheets recycling. Recycled fibers showed inferior re-swelling capability and conformability, i.e. they could not provide sufficient interfiber contacts in recycled handsheets, as in CLSM micrographs clearly demonstrated. Because no decrease in fines content was noticeable by handsheets recycling, the increase in un to be improved. Therefore, the application of CLSM to study the effects of fines and hornification of HBKP fibers, due to the recycling treatment, on the bonding potential at interfiber crossings affecting mechanical properties of the recycled paper is a main objective in this research.
Materials and Methods

1 Handsheets preparation and measurement of mechanical and physical properties
According to TAPPI test methods, all of handsheets R 0 were first made from a virgin HBKP beaten for 5,000 revolutions in a PFI mill to obtain a freeness of 480 ml CSF (Canadian Standard Freeness) . In order to simulate a part of recycling process, the following treatment was conducted as a model treatment in paper recycling. That is, a laboratory-level treatment was applied to some of the handsheets by keeping them in a well-ventilated electric oven at 105C and then soaked in de-ionized water, both for 24 hours, before disintegration for making handsheets R 1 (recycled once) . This procedure is named as "recycling treatment" hereafter. The recycling treatment was repeated for one, two and three more cycles to produce 80 handsheets R 2, R 3 and R 4 from some of handsheets R 1, respectively. The handsheets R 0-R 4 were each randomly determined six replications for subsequent mechanical and physical properties tests, also according to TAPPI test methods.
2 Fiber and fines analysis
Some sheets of handsheets R 0 to R 4 were soaked in de-ionized water for 24 hours and then disintegrated to fiber slurries ; post-R 0 slurry to post-R 4 slurry.
Parts of them were each subjected to analysis for fines content and mean fiber length with a fiber quality analyzer (FQA, OpTest Equipment Inc., Canada).
Other depends on their swelling ability12). Fig. 7 gives a representative example to prove this mechanism. It can also be seen that wet-collapsed fibers of post-R 4 slurry lost their conformability and produced loose contact at the interfiber crossing in the dry state, whereas wet-swollen ones of post-R 0 slurry were fairly collapsed but maintained superior conformability to produce good interfiber contact in the dry state.
These results also strongly suggest that rewetted fibers in post-R 0 slurry, which were not subjected to the recycling treatment, still had good re-swelling ability and conformability for improving good interfiber contact. Therefore, it undoubtedly implies that virgin fibers had much superior swelling capability and conformability to produce good interfiber contact 
